Abstract: An experiment was conducted in the net house, Department of Botany, AMU, Aligarh, India, in 2012 to evaluate the effect of foliar application of cement dust (0.00, 0.25, 0.50, 1.00, 2.00 and 4.00 g.m -2 .day -1
INTRODUCTION
India is a major producer of the cement in the world. Cement dust is a very big problem in India. In 2002, the total production in the country was 100,000 thousand metric tons out of 1,720,000 thousand metric tons of the world (Hendrick 2003) . Cement dust arises during processing of raw materials, manufacturing, milling, loading and unloading of cement (Raghav 2006) .
The particles going into the atmosphere may remain in the air for varying length of time depending on their size and weight. Dust particles after moving far away from their source of origin fall and get deposited on the plants especially on leaf surfaces forming a layer. After settling, particles create problems to crops, this depends on their setting rate, size, density of particles, turbulence of air and type of particulates as well as the type of plant species. High particulates emission due to uncontrolled management causes a reduction in quality of vegetables and fruits growing close to the sources (Raghav & Khan 2002 , Raghav 2006 ). The present study was a step to observe the effect of cement dust pollution on potato crop.
MATERIALS AND METHODS

Cement dust treatments
For the experiment, cement dust was obtained from (pure cement) from Birla Cement Agency, Aligarh. It was crushed in mortar and pestle and passed through 2 mm sieve and kept for treatment. The five doses of cement dust (0.25, 0.50, 1.00, 2.00 and 4.00 g.m -2 .day -1 ) were taken.
Plant culture and setting of experiment
Potato (Solanum tuberosum L.) var. Kufri Alankar, collected from Central Potato Reseach Institute, Shimla, India, was selected for the study. Tuber pieces with eyes (2.5-3.0 cm 2 ) were directly planted (one piece per pot) in clay pots of 30 cm height (25 cm diameter) containing autoclaved field soil on 10 th Nov., 2012. The pieces were surface sterilized (dipped in 0.01% HgCl 2 for 15 min.) before planting. Total 30 pots including control were prepared for the experiments (6 treatments × 5 replicates). The pots were then arranged on glass house benches at 27/23°C day and night temperature. Photosynthetic active radiation was PAR>750 μmol.m -2 .s -1 between 1100 and 1200 h and humidity in the green house was 67±5%.
Foliar application of cement dust
The fine particles of cement dust were dusted by a plastic duster, which delivered the particles uniformly over the leaf surface. The five different doses of cement dust (0.25, 0.50, 1.00, 2.00 and 4.00 g.m -2 .day -1 ) were applied on two weeks old plants (four-leaf stage) and continued for 60 days. A plastic hood around the base of each plant was used to cover the soil to prevent cement dust being deposited on the soil surface. Plants were always irrigated under these hoods. The experiments were terminated on 30 th Jan., 2013, after 90 days from the date of planting. Plants were uprooted carefully keeping the root system intact and washed thoroughly with a gentle stream of water to remove the soil particles. Plant growth, yield, photosynthetic pigments, NPK concentrations of plants, and protein and carbohydrate contents of potato were estimated through standard methods. Different leaf epidermal characters were also observed. Data were analyzed statistically for significance.
RESULTS
Plant growth and yield
Data presented in table 1 show that the foliar application of cement dust adversely affected the plant growth, yield and biomass of Solanum tuberosum. Plant growth in terms of length, fresh weight, dry weight of root and shoot was reduced gradually and significantly (P<0.05 and P<0.01) in all the doses of cement dust. Yield in terms of tuber fresh weight and tuber dry weight and plant biomass were also decreased significantly in all the doses as compared to control.
Photosynthetic pigments and NPK
A gradual and significant (P<0.05 and P<0.01) decrease in photosynthetic pigments has been reported as the doses were increased in S. tuberosum (Table 2) . However, chlchlorophyll b and carotenoids were at par with control in 0.25 g.m -2 .day -1 dose at P<0.01 level. Similarly, NPK concentrations were also significantly reduced in all the doses except in 0.25 g.m -2 .day -1 dose at P<0.01 level as compared to control. Table 3 shows that soluble, insoluble and total protein contents were decreased significantly (P<0.05 and P<0.01) with the increase in cement dust doses. Similarly, soluble, insoluble and total carbohydrate contents were also decreased with respect to doses and maximum reduction was occurred in 4.0 g.m -2 .day -1 dose.
Protein and carbohydrate
Epidermal characters
Data given in table 4 show the effect of cement dust as foliar application on stomata and trichomes of leaves of S. tuberosum. There was a gradual and significant reduction in number of stomata, size of stomata (length and width) and size of the stomatal aperture (length and width) on both the surfaces in all the doses. However, number and length of trichomes were gradually increased (P<0.05 and P<0.01) in all the doses, except in 0.25 g.m -2 .day -1 dose, where the length of trichomes on upper surface was non-significant at P<0.01 when compared to control.
DISCUSSION
In foliar application, all the doses of cement dust were found harmful to potato crop in the present study. All the growth and yield parameters, biomass, photosynthetic pigments, NPK concentrations of plants, and protein and carbohydrate contents were reduced. Similar responses have also been observed earlier by Darley & Middleton (1966) , when cement dust was applied in concentrations of 0.6 to 3.8 g.m -3 to bean leaves for eight to ten hours period for two to three days. He found that the average CO 2 exchange was reduced over 30 percent due to dusting of cement. Prasad & Inamdar (1990) have reported that accumulation of cement kiln dust on plant surface of Vigna mungo reduced the number and size of flowers, which finally affected the yield to a great extent in the dusted plants. A reduction in transpiration rate, chlorophyll content and productivity of the wheat plants due to cement dust pollution was also observed by Singh & Rao (1981) . Prasad et al. (1991) observed the stomatal clogging, reduction in growth, phytomass and net primary production, a decrease in the level of protein, amino acids, starch, sugars and phenols in Cajanus cajan plants by the application of cement dust. The number of pods per plant and seeds per pod were reduced in the mustard plant when sprayed with cement dust (Shukla et al. 1990) . In Oryza sativa, number and size of panicles and seed weights were highly reduced (Raza et al. 1989) . Recently, Tomar & Khan (2009) and Tomar et al. (2015) . Observed the harmful effect of foliar application of brick kiln dust and fly ash on potato crops. Tomar et al. (2018) The length, size and number of stomata, as well as length and width of aperture of stomata on lower and upper surfaces, were badly affected due to the foliar application. This might be due to the presence of toxic compounds in the dust. Effects of cement dust on leaf cuticle and stomatal behaviour have already well worked out on many crops. The chemicals altered the stomatal structure and ontogeny (Gupta 1992 , Tomar & Khan 2009 , Tomar et al. 2017 . Transpiration rate of cement dusted plants declined at all stages of growth (Raghav 2006 , Singh & Rao 1981 , possibly due to decreased stomatal and cuticular transpiration of encrusted leaf surfaces. Interestingly, the trichomes number and size of trichomes were increased. These might be developed in response to defense with the external factor, which was nothing but the cement dust.
